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1 Introduction
An updated definition of dietary fibre was recently presented by Codex (Jones, 2014). This newer iteration has, within the long-standing definition of dietary fibre as indigestible carbohydrates of dietary origin, included resistant starches
clearly within the definition while omitting lower chain-length saccharides (i.e. those between three and nine units long). Some countries still retain the shorter saccharide chains within their definition of dietary fibre (De Menezes, Giuntini, Dan,
Sardá, & Lajolo, 2013). Regardless of these solidifications the consensus definition, it is important to note that the term dietary fibre represents a wide spectrum of different compounds, with divergent molecular structures and physicochemical
properties. While dietary fibre intake is generally accepted as part of a positive dietary template with regards to improved health outcomes in many major, non-communicable diseases (European Heart Network, 2011; World Cancer Research
Fund/American Institute for Cancer Research, 2007), the exact action through which fibre may have such effects is not well characterised. The association with higher fibre intake and improved health comes as a result of findings from large
observational studies (Bingham et al., 2003; Howe et al., 1992; Hu et al., 2001; Rimm et al., 1996). Even with meticulous consideration of other confounding lifestyle factors (Kratz, Baars, & Guyenet, 2013), such evidence cannot separate the
impact of dietary fibre intake from the intake of its major dietary sources (i.e. fruits, vegetables and cereal products) from other putatively beneficial components within these foods (Mellen et al., 2007), or the broader effect that inclusion of high
amounts of these foods within the diet may have to displace other less optimal food choices (Bogart et al., 2014; Lazzeri et al., 2013).
Recent research on dietary fibre has tended to focus on how different types of fibre might interact with the large bowel microflora (e.g. Flint, 2012; Kaoutari, Armougom, Gordon, Raoult, & Henrissat, 2013; Kumar, Sinha, Makkar, de
Boeck, & Becker, 2012; Shen, Zhao, & Tuohy, 2012). The mouth and stomach play crucial roles in mechanical, chemical and enzymatic digestion of food and are also thought to be key roles in appetite regulation and microbial defence (Jolliffe,
2009; van der Bilt, Engelen, Pereira, van der Glas, & Abbink, 2006). Aside from this, the sensing of texture and chemical composition of ingested foods results in neurohumoral signals being sent to other parts of the body, which can result in
acute and long-term changes to whole body metabolism (Côté, Zadeh-Tahmasebi, Rasmussen, Duca, & Lam, 2014; Depoortere, 2014; Chen, 2011).2011).
The current review is the first of a series of reviews within this journal that aim to update a previous, broader work considering the physiological roles of dietary fibres (Brownlee, 2011). Each review will focus on the actions of dietary
fibre on a section of the gastrointestinal tract and critically consider the recent evidence in this field and highlight potential areas for future research. This review series will also highlight how inclusion of increasing amounts of fibre-rich food in the
diet could relate to longer-term health consequences within the gut. As the first article in this series, it seems relevant to start with the mouth, oesophagus and stomach and work aborally in the future reviews (focused at the small intestine and
large intestine).
2 Bolus production in the mouth
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Abstract
This review is the first in a series of three articles considering how different types of dietary fibre may affect how the gut functions and gut health. This first review will focus on the impact of dietary fibre intake on the upper
gastrointestinal tract (i.e. the mouth, oesophagus and stomach). While a larger body of evidence links fibre intake to bowel health and disease, it is apparent that the presence of fibre, whether as an added ingredient in foods, or as
an integral part of the structure of plant foods, also plays key roles on oral and gastric secretions and upper gut motility. These actions are possibly modulated through fibre’s effects on the physicochemical properties of luminal
contents in the gut.
The major physiological functions of the mouth, oesophagus and stomach are discussed and recent evidence relating dietary fibre intake to these actions is introduced. A summary of evidence linking habitual dietary fibre
consumption to major mucosal diseases of the upper gastrointestinal tract is also provided.
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The mouth’s major role in digestion is to grind food into more homogenous, softer entities (boluses) that can be swallowed and pass through the oesophagus to the stomach. Only minor digestion of macronutrients is believed to occur as
a result of oral secretions (Pedersen, Bardow, Jensen, & Nauntofte, 2002). The main effectors of this homogenising process (known as mastication) are the teeth and a complex arrangement of the major facial muscle groups, namely the
masseter, temporalis, lateral and medial pterygoid, digastric, milohyoid and geniohyoid muscles (Le Révérend, Edelson, & Loret, 2014). The action of mastication results in texture analysis of the ingested food in two ways. Firstly,First, the
amount of force that the muscles of mastication produce appears to provide signals (possibly generated in the muscle spindle) back to the medial division of the central nucleus of the amygdala, a structure well-linked to the development of
conditioned responses (Lund & Kolta, 2006; Van Daele, Fazan, Agassandian, & Cassell, 2011). Secondly,Second, the periodontal ligament that attaches teeth to the surrounding bone tissue is momentarily deformed by the deflection of the inset
tooth as a result of chewing. The deformation leads to signal production from mechanoreceptors within the periodontal ligament. This signal is conveyed to the trigeminal nucleus area that occurs across the entire brainstem (Yamaguchi,
Nakajima, & Kasai, 2012). It could be hypothesised that the hardwiring of these receptors to the brain allows development of conditioned food choice based on previous experience of texture analysis of foods. In other words, our previous feeling
of pleasure or enjoyment associated with prior eating experiences could become linked to specific textures. Subsequent eating experiences that match that specific texture may therefore also be seen as positive, whereas subsequent eating
experiences that do not match previous texture expectations may be viewed negatively. It must be noted that this would be extremely difficult to evidence experimentally.
Dietary fibre plays a key role in the texture of both plant-based foods and foods with added dietary fibre. In fruits and vegetables, the process of ripening is particularly important in the oral sensation of food. This process is perhaps
primarily governed by the rate at which pectin (a highly branched polysaccharide mainly made up of uronic acid monomers) is degraded (Champa, Gill, Mahajan, & Arora, 2014; Guzmán, Sánchez, Salas, Del Moral, & Valenzuela, 2012). Pectin
binds to water in the cell wall structure of plants, thereby exerting hydrostatic pressure onto the cellulose and hemicellulose lattice surrounding it (Jarvis, 2011). This increases the turgidity of plant tissues and thereby is a major factor in the
perceived firmness, crunchiness and other organoleptic properties of plant foods, particularly those frequently consumed uncooked or with minimal processing (e.g. Billy et al., 2008; Makkumrai et al., 2014). Similarly, loss of the
cellulose/hemicellulose meshwork around the pectin matrix is also likely to lead to changes in organoleptic characteristics. The mechanical breakdown of the cell wall during mastication also plays a crucial role in improving the bioaccessibility of
plant nutrients (e.g. Ellis et al., 2004) and is likely to affect the taste perception of these foods (Tarascou et al., 2010).
Recent work (Koç et al., 2014), suggested that increasing the concentration of agar (which the authors equated to increasing in the hardness of food gels) and carrageenan‐locustcarrageenan–locust bean gum mixture (equated to
increasing gel rubberiness) resulted in a significant increase in the number of times the food was chewed, as well as the amount of time before the food was swallowed (although the time taken to complete each individual mastication cycle did
not differ) in both cases. Within these studies, there appeared to be a difference in jaw movement to chew the different products, suggesting that the muscular effort behind chewing was altered as a result of the texture of the food. Comparison
of the total oral processing time (i.e. time to swallow after first bite) for food items that looked the same but differed only in hardness (which could equate to fibre content and processing among other factors) highlighted that the feedback from
the oral sensory organ rapidly results reduced energy intake and increased oral processing time (Bolhuis et al., 2014).
3 Swallowing and the oesophagus
Alongside taste, this initial analysis of the morsel of food consumed provides initial feedback on whether or not to swallow ( Alsanei & Chen, 2014Alsanei & Chen, 2014; Chen, 2009; Ertekin et al., 2001; Nishino, 2013). Swallowing is a
complex and sequential series of organised events that is believed to be initiated by conscious choice, leading to a series of organised movements, including those of the tongue and soft palate to move a food bolus into the pharynx. It also
appears that a single mouthful of food requires at least two different swallows in order to clear it into the oesophagus for passage to the stomach (J. (Chen, 2009). Secretion of saliva is important in the formation of a soft, lubricated bolus that is
easy to swallow. The lubricative action of saliva is dependent on the high water content and presence of high molecular weight mucins (Veeregowda et al., 2012). Saliva also contains a wide spectrum of antimicrobial factors that help to entrap,
neutralise or precipitate microbes in the mouth, thereby benefiting oral health (Schulz, Cooper-White, & Punyadeera, 2013). The presence of saliva also results in very different properties of the bolus within the mouth, pharynx and oesophagus.
As saliva effectively coats the mucosal surfaces in the upper gut, the movement of the bolus is affected greatly by the shear characteristics of this thin, unstirred layer of watery and lubricative saliva and perhaps less by the interaction of the
bolus and mucosal surface than had classically been considered (J. (Chen, Liu, & Prakash, 2014).
For gelled structures, the process of mastication is necessary to break down the macrostructure of the gel and/or give an overall more liquid-like consistency to the bolus (partly through the addition of saliva) in order for the bolus to be
swallowed (Inoue, Sasai, Shiga, & Moritaka, 2009). In rheologically thick liquids, large inter-individual differences were noted between the initiation movements for swallowing (the tongue moving the bolus into the pharyngeal area) but that
increasing bolus viscosity correlated with increasing time to complete each swallow, even though higher viscosity was also associated with lower fluid intake at each sip (Steele & Van Lieshout, 2004).
Reduced production of saliva is one of a number of key factors that could drive dysphagia (a difficulty with swallowing food). One of the main routes for dietary modulation to improve swallowing in dysphagic patients is addition of dietary
fibres and other hydrocolloids in order to change the rheological properties of supplements or food (Cichero, 2013; Popa Nita, Murith, Chisholm, & Engmann, 2013; Wendin et al., 2010; Yamagata, Izumi, Egashira, Miyamoto, & Kayashita, 2012),
as formulating fluids/gels with different rheological properties is believed to benefit swallowing (Sworn, Kerdavid & Fayos, 2008). There does not seem to be a “one-size-fits-all” approach to providing a set rheological template to foods to make
them easier to swallow but the broad spectrum of viscous and gel-forming polysaccharides available does allow design of products tailored to patient needs.
Previous studies on the oesophageal handling of boluses of varying consistency has highlighted that gel boluses (cubic bean curd) pass from the pharynx into the stomach at a significantly slower rate than viscous boluses of a texture-
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modified viscous liquid (approximately 8 versus 7  seconds s, respectively) when tested in healthy participants (C. L. (Chen, Yi, Chou, & Liu, 2013). This suggests that dietary fibre added to food or beverage preparations is also likely to affect
oesophageal handling of boluses. It must be noted however that the impact of such inclusion is unlikely to have major physiological ramifications on the digestion or handling of a single meal due to the minimal amount of time that a food bolus
spends within the oesophagus. While oesophageal exposure to potentially positive or negative nutrients could be extended in fibre-rich foods, it is currently believed that retrograde movement of gastric contents is the major factor involved in
oesophageal disease and this will be discussed below.
4 Gastric motility
Three distinct layers of muscle control motility within the stomach (i) the outer, longitudinal layer covers the distal two thirds of the stomach (ii) the circular layer that is present across the entire stomach and (iii) the internal oblique layer that occurs in the
proximal half ofThe stomach is classically represented as a mixing and digestion chamber that is closed at either end to allow these two aforementioned processes to occur. More evidence now suggests that certain meals may spend a very limited amount of time
in the stomach prior to passage to the stomach (small intestine. Shafik, El Sibai, Shafik, & Shafik, 2007). For example …
Three distinct layers of muscle control motility within the stomach (i) the outer, longitudinal layer covers the distal two thirds of the stomach (ii) the circular layer that is present across the entire stomach and (iii) the internal oblique layer that
occurs in the proximal half of the stomach (Shafik, El Sibai, Shafik, & Shafik, 2007).
As a bolus of food enters the stomach, the gastric phase of digestion commences. At this point, the stomach, the three muscle layers relax isotonically (receptive relaxation). This process increases the intraluminal volume within the
stomach, thereby allowing a larger intake of food. As food boluses continue to enter the stomach, the gastric distension drives a further relaxation within the proximal gastric smooth muscle, known as gastric accommodation (Pauwels, Altan, &
Tack, 2014; Vijayvargiya, Camilleri, Shin, Breen, & Burton, 2013) although this action does not seem to occur in the absence of nutrients (e.g. in gastric balloon distension) and may also be driven by enteroendocrine cells sensing of the
chemical milieu (Janssen et al., 2011). This relaxation results in an immediate reduction in intragastric pressure following ingestion of a meal compared to the preprandial phase in healthy individuals (Pauwels  et al.et al., 2014) followed by an
increase in pressure as the meal continues.
Gastric distension is sensed by stretch receptors within the myenteric plexus (the layer that lies between the longitudinal and circular muscle layers), and the submucosal plexus (Furness, 2000). As distension of the smooth muscle by
luminal content appears to play an important role in driving receptive relaxation and gastric accommodation, the presence of fibre in plant food structures, or the inclusion of isolated fibres that could form strong gels within stomach conditions
(e.g. some alginates and pectins) are likely to affect these processes, although no direct experimental evidence of this effect currently exists. Previous studies in a small cohort of healthy participants have suggested that while food intake is not
governed by a set-point cut-off for intragastric pressure, the steady increase in pressure experienced during a meal results in a reduced desire to continue eating (Janssen, Verschueren, & Tack, 2012). It is postulated that a more rapid increase
in pressure would result in stopping reaching a state of satiation more rapidly at a single meal compared to the same meal without the volume occupied by fibre‐waterfibre–water matrices.
During the course of a meal and directly following it, the gastric pacemaker (situated at the upper part of the greater curvature) produces a pattern of slow, contractile waves to help mix the food boluses into a homogenous paste. Tonic
contraction in the antrum and body of the stomach results in movement of solid food particles to the distal section of the stomach for further mixing with gastric juice, while liquid components are released into the duodenum through the pyloric
sphincter (Hellstrom,(Hellström, Grybäck, & Jacobsson, 2006 Gryback, & Jacobsson, 2006). ). The solid components are slowly broken down into smaller particles by mechanical, chemical and enzymatic action until they are homogenous enough
to pass through the pylorus and into the duodenum.
During gastric emptying, there is an increase in peristaltic contraction frequency in parallel with increasing occurrences of pyloric sphincter relaxation that allows passage of homogenous liquid into the duodenum while at the same time
tending to return larger particles of solid material to the proximal stomach (Azpiroz, Feinle-Bisset, Grundy, & Tack, 2014). The control of gastric emptying is governed by neurohumoral mediators released by the gut, as well systemically-
produced hormones like leptin and oxytocin (Blevins & Ho, 2013; Hellström et al., 2006). The rate of gastric emptying is controlled through the action of enteroendocrine cells in response to the chemical content of the duodenal, and gastric
luminal milieu (Akiba & Kaunitz, 2014; Saqui-Salces, Dowdle, Reiter, & Merchant, 2012). While it is generally accepted that an increased energy content of a meal will reduce gastric emptying, some evidence exists to suggest that specific
dietary components could act to affect gastric emptying rate. Intragastric infusion of a free fatty acid-based meal instead of a triglyceride-based meal significantly reduced gastric emptying rates and increased retention of contents in the
proximal stomach in healthy human participants (Little et al., 2007), suggesting that pre-intestinal lipolysis may play an important role in the control of gastric motility. The aromatic and neutral amino acids tryptophan and phenylalanine are
known to be strong stimulators of the release of a range of duodenally secreted hormones (secretin, motilin, gastric inhibitory peptide and cholecystokinin) which are believed to delay gastric emptying (Buchan, 1999).
While increased viscosity of the gastric contents appears to be an important stimulus to drive gastric mixing, the chemical composition of digesta could be more important in relation to the drive for gastric emptying. Previous studies on
gastric emptying rates after meals of different viscosities (by adjusting locust bean gum content) with and without the presence of caloric nutrients (fats and carbohydrate) suggested that the presence of nutrients within the meal had a larger
impact on reducing gastric emptying rates than viscosity alone (Marciani et al., 2001). Nonetheless, there was a reduced gastric emptying rate in the high viscosity (nutrient-free) control versus the low viscosity one. More recent work by the
same group has highlighted that wholemeal bread has reduced gastric emptying in comparison to an isocaloric meal of white rice pudding (Marciani et al., 2013). It was suggested that the wholemeal bread formed a homogenous mass within the
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stomach and may have acted to reduce gastric emptying time by slowing the separation of solid and liquid components of the meal into the proximal and distal stomachstomach, respectively. These studies again highlights that the form and
physicochemical action of dietary fibres drive their physiological actions. It is also important to note that the external measurement of the rheological or textural properties of fibre-based food items may be less relevant to actions on gastric
mixing and emptying than how these foods act within the gastric lumen and in the presence of other nutrients. While a number of model gut systems exist (Houghton et al., 2014; Ramasamy, Venema, Gruppen, & Schols, 2014; Wickham,
Faulks, Mann, & Mandalari, 2012) and can be utilised to mimic digestion, it must be noted that gastric (as well as intestinal motility) are extremely difficult to recreate effectively. Therefore, human studies, particularly those involving minimally
invasive methods like MRI, are invaluable in the design of fibre-based formulations with targeted physiological actions.
5 Gastric involvement in satiation and satiety
While intragastric volume may be an important factor driving feelings of satiation (the absence of drive to continue eating at the end of a meal), gastric emptying rates are believed to be key determinants of postprandial feelings of
satiety (not eating again following a meal), that could be linked to meal rheology. There is a complex neurohumoral cascade that is also involved in the modulation of feelings of hunger and fullness as well as gastric motility that is described
elsewhere (Chambers, Sandoval, & Seeley, 2013; Clark & Slavin, 2013; Fiszman & Varela, 2013) and will be further discussed in subsequent reviews within this series. A recent study assessing the impact of addition of β-glucans of different
molecular weight to soups did not reduce  ad libitumad libitum consumption of a soup meal and energy intake after the soup meal or increase subjective feelings of satiety and fullness post-consumption compared to a β-glucan-free (low
viscosity, available carbohydrate-based) control soup in 23 healthy participants (Clark & Slavin, 2013). This work highlights that factors other than intragastric viscosity (e.g. nutrient content of the meal and rate of consumption) could also play
an important role in satiety.
While assessment of biomarkers (particularly gut and incretin hormones) have previously been used as adjunct measures of satiation and satiety (De Graaf, Blom, Smeets, Stafleu, & Hendriks, 2004), it is important to consider that the
measures themselves are related to an individual’s subjective desire to consume or not consume food at the time. As such, it is important to consider how test participants may have difficulty understanding terminology in relation to satiation
and satiety. Previous work considering this has noted that participants particularly related the term “satiating” to feelings of fullness as opposed to a lack of need to intake further food (Fiszman, Varela, Díaz, Linares, & Garrido, 2014). Feelings
of fullness were linked to both positive and negative connotations within these participants of Fiszman et al. (2014), where the particular focus on satiating foods was linked to sources of protein. Similarly divergent opinions on feelings of
fullness have also been previously reported in relation to intake of whole grain foods over a longer period of time (Kuznesof et al., 2012), where it was noted that some participants were happy about feeling full for longer, while others noted that
this was negative as they felt lethargic and affected their hedonic eating habits. These previous studies highlight caution in interpreting findings on feelings of fullness in relation to the development of new food products focused on prolonging
satiety or inducing satiation.
It is important to remember that measurements of satiation and satiety tend to relate to acute assessment of the impact of a single meal intake within previous studies. Fewer studies have assessed the impact of repeated exposure on
measures of satiety and satiation. Touyarou, Sulmont-Rossé, Gagnaire, Issanchou, and Brondel (2012) assessed the impact of 15-days of intake of breads enriched with fibre (isolated oat and rye fibres) at breakfast time on satiety over the
course of the morning compared to a comparator breads without added fibre and a self-selected breakfast (including a small amount of the fibre isolate to ensure sensory habituation is controlled for). The fibre-enriched bread reduced hunger
throughout the morning compared to non-fibre enriched breads. Satiety ratings also seemed to stay relatively constant over the 15 days but did highlight a large amount of intra-individual variation (Touyarou  et al.et al., 2012). Covert manipulation
of the energy and viscous dietary fibre (tara gum) content of pre-load drinks consumed over a seven-day period suggested that differences in perceived satiety were mainly related to the initial consumption of the beverage, as opposed to
changes in viscosity and energy content following initial trial (Yeomans, McCrickerd, Brunstrom, & Chambers, 2014). In comparison to a gelatin/starch-based control, a pectin-containing gel-based food initially resulted in a lower elective intake
of energy following this meal on the first day of dietary exposure, although this effect was seemingly lost after repeated exposures over 15 days (Wanders, Mars, Borgonjen-Van Den Berg, De Graaf, & Feskens, 2014). These previous findings
highlight that effects of fibre inclusion on post-meal energy intake are not necessarily retained over a relatively short time period. These results highlight that initial changes to measures of satiety and satiation of novel food products should be
extrapolated to longer-term changes on eating habits and efficacy as weight management adjuncts with caution.
6 Gastric exocrine and endocrine secretion
The stomach produces a number of exocrine secretions from a selection of different epithelial cell types. These secretions are either involved in the chemical and enzymatic digestion of ingested foods, or form an important defence
barrier against exogenous and endogenous damage. As with gastric motility, one of the major drives for gastric exocrine secretion comes from the physicochemical constitution of the digesta contained within the gastric lumen.
Hydrogen ions are concentrated by approximately a million-fold across the gastric epithelium as a result of the action of two ATP-driven membrane-bound transporters – the transporters—the basolateral Na/K antiporter and the luminal H/K
antiporter (Isackson & Ashley, 2014). The release of these hydrogen ions (along with chloride ions) into the gastric lumen results in a highly acidic gastric juice. The gastric acid is secreted from the parietal cells that occur at the base of the
gastric pits. The high acidity in the gastric juice is important for activation of gastric enzymes (Pearson, Parikh, Robertson, Stovold, & Brownlee, 2012), as an innate defence against swallowed microbes (Howell et al., 2010; Lombardo, Foti,
Ruggia, & Chiecchio, 2010) and to denature dietary proteins to aid in both homogenisation of gastric contents and allow improved access of proteolytic enzymes sites of cleavage (Herman, Gao, & Storer, 2006).
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Acid secretion occurs as a result of cholinergic stimulation of parietal cells by vagal afferents during both the cephalic and gastric phases of digestion but is also stimulated as a result of release of both histamine and gastrin by
enteroendocrine cells within the gastric mucosa (Schubert & Peura, 2008). In brief, prior to food entering the stomach, a basal amount of acid will occur in the stomach due to the thought, smell and sight of food. As food enters the stomach,
there will be a further stimulation for acid production (Brownlee, 2011). Negative feedback tends to come to the system as a result of low pH within the gastric lumen, resulting in the release of somatostatin from D cells (another specific type of
enteroendocrine cell) which inhibits further stimulation of parietal secretion (Isackson & Ashley, 2014).
A number of previous studies have suggested stimulatory and inhibitory roles for various luminal factors of dietary origin. In a study on G cell rich gastric epithelial cell isolated primary culture, a variety of luminal nutritional used resulted
in stimulation of gastrin release, including glucose, caffeine and capsaicin (Kidd, Hauso, Drozdov, Gustafsson, & Modlin, 2009). These studies also found that isolated, gastrin-producing G cells were also stimulated to produce gastrin as a result
of mechanical stress, but this stimulation was considerably higher when cells were still within sections of gastric mucosal tissue, presumably driven by the presence of mechanoreceptors within the myenteric plexus. In contrast, isolated human
antral cells collected before and after chilli (and the putative active component capsaicin) ingestion resulted in reduced gastrin secretion, possibly through an increase in somatostatin release (Ericson, Nur, Petersson, & Kechagias, 2009). This
action may not have been seen in the isolated G cell model used by Kidd et al. (2009) due to the much lower numbers of somatostatin-secreting cells present in this method. Further dietary factors are believed to be important in driving gastric
secretion include luminal calcium, high concentration of digested proteins (particularly free amino acids) and mixed dietary fat (Brownlee, 2011; Saqui-Salces  et al.et al., 2012; Torii, Uneyama, & Nakamura, 2013; Zolotarev, 2014).
From the above, evidence for a drive for acid secretion as a result of mechanical and chemical stimulation exists. However, there is a paucity of studies that have been carried out to consider the impact of dietary fibre consumption on
acid secretion within the stomach. Previous rodent studies highlighted that dietary pectin increased both total gastric juice volume and H+ output (Figler, Szabó, & Mózsik, 1999). This could be due to pectin’s ability to bind to hydrogen ions,
thereby impacting on the free hydrogen ion concentration within gastric juice and inhibiting the feedback mechanisms. It is possible that that other hydrogen ion-binding fibres (e.g. high guluronate alginates) or other foods with a water-binding
capacity could act to sequester secreted stomach acid and stop it being sensed by the enteroendocrine cells in the gastric epithelium. Previous  in vitroin vitro digestion studies simulating the human stomach noted that the presence of rice bran
on cooked brown rice greatly reduced the absorption of hydrogen ions into the endosperm component compared to white rice (Kong, Oztop, Singh, & McCarthy, 2011). Such an effect is unlikely to be seen in the consumption of fibre-rich foods
that have a high water content and relatively high acidity (e.g. many fruits and vegetables).
Human pepsin is a series of aspartate proteases secreted in their inactive form (pepsinogen) by the chief cells situated towards the base of the gastric pits (Hayat et al., 2014). Pepsinogen is autocatalytic under acidic conditions; at a
pH of 5 and below, a conformational change occurs that results in the peptide chain covering the active site swivelling into the catalytic cleft and being cleaved off (Pearson  et al.et al., 2012). Active pepsin cleaves polypeptide chains into
shorter chain, with a preference for action between hydrophobic residues, often with aromatic residues close to the site of cleavage (Pearson & Brownlee, 2005; Roberts, 2006). Pepsinogen secretion is stimulated by cholinergic activity from
vagal afferents and a range of other neurohumoral mediators, as a result of intake of food (Fiorucci et al., 2003; Pearson & Brownlee, 2005).
Although the impact of fibre consumption is likely to impact on pepsin secretion by similar actions on the luminal milieu as highlighted for gastric acid secretion, there is a distinct lack of evidence in this area of the literature. One
previous study has suggested that this classic protease may also have non-specific catalytic activity on galactomannan, acting to branched areas of the molecule (Shobha, Gowda, & Tharanathan, 2014). While these results would need to be
reproduced, it can be noted that the catalytic triad of the aspartate proteases is somewhat similar to some enzymes with glycolytic activity, so additional, non-specific catalytic activity of pepsin is possible but may not be physiologically
relevant.
Mucin is secreted by gastric mucus cells (situated towards the top of the gastric gland) and rapidly swells in the aqueous environment to form mucus gels (Harada et al., 2013; Nakahari et al., 2002). Gastric mucus is believed to exist in
a functional bilayer, with the outermost layer (i.e. that closest to the lumen) being loosely adherent and easily removed by shear stress, while the inner layer is firmer and more resistant to removal (Phillipson et al., 2008; Taylor, Allen, Dettmar,
& Pearson, 2004). Mucus secretion is governed by cholinergic stimulation as well as gastrin and secretin but is quickly increased within gastric tissues when the presence of potentially noxious agents (e.g. alcohol) is sensed (Allen &
Flemström, 2005).
Previous animal studies have suggested an impact of dietary fibre inclusion on gastric mucin secretion. However, it must be noted that these effects are only seen at intakes of dietary fibre much higher than would be expected to be
seen in humans. Ispaghula husk included at 20% dry weight within the rat diet over a 4-week period resulted in an increased output of gastric mucin and total mucin (i.e. secreted and still remaining within the gastric tissue) compared to a fibre-
free control, whereas diets with 20% rice bran or 20% cellulose did not increase mucin production (Satchithanandam, Klurfeld, Calvert, & Cassidy, 1996). Ispaghula husk is a hygroscopic, gel-forming dietary fibre (Majmudar, Mourya, Devdhe, &
Chandak, 2013) whose ingestion could lead to repeated mechanosensation within the stomach resulting in increased secretion and production of gastric mucus (i.e. a long-term upregulation in mucus production). Similar results were seen with a
relatively low daily dosage (250 mg) of methylcellulose given to male mice over 2, 3 and 4‐week 2–4-week time periods resulted in an increased number of mucus cells within the gastric mucosa (Takabayashi & Sekiguchi, 2013). A single oral
dosage of guar gum or a mixture of orange pulp and guar gum at 160 mg/kg in male Wistar rats resulted in a significant increase in estimated mucosa-adherent gastric mucus compared to a saline control after a 4.5  hour h time period (Magri et
al., 2007). These results suggest that mucus production can also be affected by a short-term intake of a single dosage of a fibre-rich meal (approximately 40 mg within 10 ml of fluid). The dosage appears to still be high enough to cause an
increased viscosity of stomach contents within an average male rat and therefore suggests that mechanical stimulation of the stomach also leads to an immediate effect on mucus secretion.
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The stomach also produces a series of peptide neurohumoral factors that act on other areas of the gut and target tissues around the body. As discussed above, the major endocrine secretions of the stomach (gastrin, somatostatin and
histamine) are all targeted at paracrine control of gastric exocrine secretions, particularly stomach acid. Recent work has also highlighted that some cells within the gastric mucosa can also produce leptin, suggesting a role of the stomach on
whole body metabolism (Cammisotto et al., 2005). A variety of other peptide-based gastrointestinal endocrine secretions are believed to feedback through the somatostatin pathways to inhibit gastric acid secretion. In particular, cholecystokinin
and gastric inhibitory peptide (released by the duodenal I and K cellscells, respectively) are believed to be of major importance in this mechanism (Schubert & Peura, 2008).
7 Dietary fibre and diseases of the oropharynx, oesophagus and stomach
While the above sections have mainly focused on acute effects of dietary fibre consumption, the final section will focus on the association between fibre intake and long-term health outcomes in relation to the upper gastrointestinal tract
(particularly cancer). The vast majority of evidence linking fibre to such long-term outcomes is from observational studies in large populations. As previously stated, it is important to consider that the vast majority of fibre consumed by
participants of such studies will be in the form of plant foods (particularly fruits, vegetables and grains). Separation of health benefits of dietary fibres from other dietary components in these foods is therefore not possible from even the most
careful data interrogation. Further from this, while supplementation of fibres such as oat and barley beta-glucan can be demonstrated to improve markers of cardiovascular health in randomised, controlled trials (Shimizu et al., 2008; Wolever et
al., 2010), this does not necessarily mean that supplementation with non-targeted fibre isolates will result in reduced risk to other longer-term health problems (Bonithon-Kopp, Kronborg, Giacosa, Räth, & Faivre, 2000; Schatzkin et al., 2000).
The evidence below considers human rather than animal studies and, wherever possible, includes summary tables to pool together larger bodies of evidence. The range of diseases covered is not exhaustive but covers all major mucosal
diseases of the upper gastrointestinal tract.
8 Oropharyngeal conditions
The loss of normal dentition not only has a major influence of subsequent dietary intake (Savoca et al., 2010), including a reduction of fruit and vegetable intake (Bradbury et al., 2008; Sheiham & Steele, 2001), possibly due to perceived
difficulty in chewing but has also been highlighted as a major predictor of morbidity and mortality in older populations (Hung, Colditz, & Joshipura, 2005). As such, a reduction in the risk of major oral diseases has important public health
implications. Periodontal disease refers to any condition, either inherited or acquired, that affects the tissues surrounding and supporting the teeth (Pihlstrom, Michalowicz, & Johnson, 2005). Table 1 below highlights previous evidence linking
periodontal disease risk to dietary fibre intake. A recent high-fibre, low-fat dietary pilot intervention for 8 weeks carried out in Japan resulted in significant improvements to a number of biomarkers of periodontal disease after the intervention
period. Biomarker values returned to baseline 24 weeks after the intervention had finished (Kondo et al., 2014).
Table 1 Dietary fibre and observational risk of oral conditions and head and neck cancers.
Disease/condition Study design Comparative statistics (95% CI) Notes Reference
Periodontal disease Prospective follow-up periodontal
disease progression in 625
community-dwelling older men
HR 0.76 (0.60–0.95) per serving of high fibre foods/d for alveolar bone
loss and HR 0.72 (0.53–0.97) for tooth loss
Significantly lower HR in individuals over 65 years of
age only
Schwartz, Kaye, Nunn,
Spiro Iii and Garcia
(2012)
Prospective follow-up of 34,160
males for periodontal disease
RR 0.77 (0.66, 0.89) for highest vs 1 (lowest) intake of whole grain
intake quintile
No significant association for vegetable and fruit fibre
intake with disease risk
Merchant, Pitiphat,
Franz, and Joshipura
(2006)
Oropharngeal cancer Case-control study with 804 cases of
oral cancer
OR 0.47 (0.34–0.65) for highest vs 1 (lowest) quintile of fit for dietary
pattern “Vitamins and fiber”
Animal products (positively) and unsaturated fats
(negatively) patterns also associated with risk
Edefonti et al. (2010)
Case-control study with 598 cases of
oral and pharyngeal cancer
RR 0.40 (0.26–0.62) for >6 characteristics of the Mediterranean diet vs
<3 (RR=1)
A total of 8 characteristics of the Mediterranean diet
template were considered
Bosetti et al. (2003)
Case-control study with 524 cases of
oral and pharyngeal cancer
OR 0.3 (0.1, 0.4) for intake of whole grains >3 d/wk versus no or rare
consumption of whole grains (OR=1)
La Vecchia,
Chatenoud, Negri, and
Franceschi (2003)
Case-control study with 232 cases of
pharyngeal cancer
OR 1.6 (1.3–10.1) for no intake of “Dietary fiber-containing food” vs 1
for some intake. OR 3.80 (1.58–9.12) for very low intake of “Uncooked
vegetables” vs 1 for higher intake
“Dietary fiber-containing foods” defined as legumes and
cereals except for wheat bread. Very low intake defined
as 1 to 3 times per month
Escribano Uzcudun et
al. (2002)
Case-control study with 485 cases of
precancerous oral lesions in “reverse-
OR 0.96 (0.94, 0.99) for highest quartile of total dietary fibre intake vs 1 Hebert et al. (2002)
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precancerous oral lesions in “reverse-
smoking” females
(lowest quartile)
 Disease/conditionStudy
designComparative statistics (95%
CI)NotesReferenceOropharngeal cancer
(cont.)
Case-control study with 598 cases of
oropharyngeal cancer
Continuous OR of 0.51 (0.40–0.66) for highest quintiles of total fibre
intake versus lowest (OR=1)
Soler et al. (2001)
Head and neck cancers Pooled analysis of 61,647 adults
following different habitual diets
RR 0.94 (0.62, 1.43) vegetarians and vegans versus 1 for meat eaters
for “upper GI cancer”
Upper GI cancer defined as malignant neoplasms of lip,
oral cavity, pharynx and oesophagus
Key, Appleby, Crowe,
Bradbury, Schmidt, and
Travis (2014)
Case-control study with 2452 case of
head and neck cancer
OR 0.56 (0.45–0.69) for highest vs 1 (lowest) quintile of fit for dietary
pattern “Antioxidant vitamins and fiber”
Included oral, pharyngeal and laryngeal cancer cases.
Negative association between fit to “Fats” pattern and
OR
Edefonti et al. (2012)
Prospective, 11-y follow-up in
494,991 participants
HR 0.61 (0.42–0.89) highest total fibre intake vs 1 (lowest intake) in
women
No significant trend for association of total fibre and HR
in men. Risk of head and neck (oral, pharyngeal and
laryngeal) cancers assessed
Lam et al. (2011)
HR = Hazard Ratio, OR = Odds HR=hazard ratio, RR = relativeOR=odds ratio, RR=relative risk. Data searches were carried out using www.scopus.com and focused on publications from 2000 and onwards. Mixed-site head and neck cancers
(many of which are oropharyngeal) were also included within this literature research strategy.
While inspection of the oropharyngeal cavity for lesions is simpler and less invasive than at other sites of the gut, many cancers are still not detected until they are at an advanced stage of progression (Ford & Farah, 2013). Treatment
(normally aggressive surgery, chemotherapy or radiotherapy) often results in a loss of normal oral processing function and greatly reduced quality of life (Bessell et al., 2011; Furness et al., 2011; Glenny et al., 2010; Pavitt et al., 2007).
9 Diseases of the oesophagus and stomach
Oesophageal cancer incidence and mortality is rapidly increasing in some European populations, particularly amongst men (Rutegård, Nordenstedt, Lu, Lagergren, & Lagergren, 2010). This is believed to be linked to an increased
incidence of non-standard gastric reflux (the retrograde movement of gastric contents back up the oesophagus and potentially further beyond), which may drive mucosal damage (resulting in oesophagitis long-term) and/or preneoplastic changes
in the oesophagus. Reflux is particularly strongly associated with the occurrence of oesophagitis and Barrett’s oesophagus, a metaplastic condition where the normal stratified, squamous epithelium of the oesophagus becomes replaced with a
columnar epithelium that is more predisposed to subsequent carcinogenesis (Singh, Garg, Singh, Iyer, & El-Serag, 2014; Spechler, 2013). One previous intervention study tested the effect of a controlled, parallel trial assessing the impact of a
low-fat, high fruit and vegetable diet on biomarkers of neoplastic change to the oesophageal tissue of 87 participants with Barrett’s oesophagus. This study found no impact up to 3 years intervention with the diet on any of the biomarkers tested,
although it must be noted that biomarkers did not deviate from baseline values to a high degree in either the intervention or control group (Kristal et al., 2005). A recent meta-analysis noted a total of eight studies demonstrated a consistent
inverse association with increasing fibre intake and oesophageal adenocarcinoma risk, with an overall adjusted odds ratio of 0.66; (95% CI of 0.44–0.98), although five studies overall suggested no significant impact of dietary fibre inclusion of
squamous cell carcinoma. Two further studies also suggested a significant inverse with increasing fibre intake and Barrett’s oesophagus risk (Coleman et al., 2013).
Gastric refluxate may contain a variety of potentially damaging factors of dietary (e.g. partially digested food), bacterial or endogenous (e.g. stomach acid, pepsin) origin (Griffin et al., 2013). The occurrence of gastric reflux is, itself
complex and may be associated with dietary intake. Previous observational evidence highlights that excess body weight and increasing consumption of (saturated) fat, coffee and alcohol could all be linked to increased reflux frequency and/or
gastro-oesophageal reflux disease (El-Serag, Satia, & Rabeneck, 2005; Festi et al., 2009). Previous work has also suggested that intake of highly fermentable carbohydrates can lead to increased incidence of transient relaxations of the lower
oesophageal sphincter (Piche et al., 2000) which tends to increase the risk of gastric reflux occurring (Iwakiri et al., 2005). Recent data linking oesophageal disease (i.e. Barrett’s oesophagus and oesophageal cancer) to fibre intake are
highlighted in Table 2.
Table 2 Summary of associative studies linking dietary fibre intake and observational risk of oesophageal and gastric conditions.
Disease/condition Study design Comparative statistics (95% CI) Notes Reference
Oesophagitis Case-control study with 219 cases of reflux
oesophagus
Adjusted OR 0.71 (0.32–1.60) for >19.1 g
Englyst fibre/d vs 1 for <14.3 g/d
Mulholland et al. (2009)
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Barrett’s
oesophagus
Case-control study with 304 cases of
Barrett’s oesophagus
Adjusted OR 0.50 (0.28–0.90) for total dietary
fibre >8.9 g/d vs 1 for <6.8 g/d
Increasing legume and green leafy vegetable intake was associated with reduced risk
whereas total vegetable and fruit intakes were not
Jiao et al. (2013)
Case-control study with 220 cases of long-
segment Barrett’s oesophagus
Adjusted OR 0.40 (0.22–0.73) for >17.7 g
Englyst fibre/d vs 1 for <13.7 g/d
Mulholland et al. (2009)
Case-control study with 296 cases of
Barrett’s oesophagus
OR 0.34 (0.15–0.76) for highest quartile of total
fibre intake vs 1 for lowest quartile of intake
Cases were matched to “controls” with gastro-oesophageal reflux disease. Fibre from
fruits and vegetables was significantly associated with reduced risk while fibre from grains
and beans was not
Kubo, Block, Quesenberry,
Buffler and Corley (2009)
Oesophageal
cancer
Case-control study with 47 cases of
oesophageal squamous cell carcinoma
Adjusted OR 0.30 (0.15–0.78) for highest tertile
of fibre intake vs 1 for lowest
Lower glycaemic index and glycaemic load were also associated with lower OR Eslamian, Jessri,
Hajizadeh, Ibiebele, and
Rashidkhani (2013)
Case-control study with 359 cases of
oesophageal cancer
Adjusted OR 0.47 (0.32, 0.69) for >27 g/d total
dietary fibre versus 1 for <16 g/d
Tang, Xu, Zhang, Lei,
Binns, and Lee (2013)
Case-control study with 224 cases of
oesophageal adenocarcinoma
Adjusted OR 0.79 (0.43–1.44) for >17.7 g
Englyst fibre/d vs 1 for <13.7 g/d
Mulholland et al. (2009)
Oesophageal
cancer (cont)
Case-control study with 206 cases of
oesophageal adenocarcinoma
Adjusted OR 0.44 (0.3–0.8) for highest quartile
of fibre intake vs 1 for lowest
Wu, Tseng, Hankin, and
Bernstein (2007)
Case-control study with 304 cases of
oesophageal cancer
RR 0.23 (95% CI, 0.13–0.40) for >6
characteristics of the Mediterranean diet vs <3
(RR=1)
A total of 8 characteristics of the Mediterranean diet template were considered Bosetti et al. (2003)
Case-control study with 124 cases of
oesophageal adenocarcinoma
Adjusted OR 0.5 (0.3–0.9) for highest quartile of
total fibre intake vs 1 for lowest
Chen et al. (2002)
Case-control study with 304 cases of
oesophageal cancer
Continuous OR of 0.70 (0.51–0.96) for highest
quintiles of total fibre intake versus lowest
(OR=1)
Soler et al. (2001)
Case-control study with 189 cases of
oesophageal
Adenocarcinoma: Adjusted OR 0.8 (0.5–1.3) for
highest quartile of total fibre intake vs 1 for
lowest
Terry, Lagergren, Ye, Wolk,
and Nyrén (2001)
adenocarcinoma and 167 cases of
oesophageal squamous cell carcinoma
Squamous carcinoma: Adjusted OR 1.1
(0.6–1.9) for highest quartile of total fibre intake
vs 1 for lowest
Case-control study with 282 cases of
adenocarcinoma and 206 cases of
squamous cell carcinoma
Adenocarcinoma: Adjusted OR 0.28 (0.19–0.40)
for highest quartile of total fibre intake vs 1 for
lowest
Similarly significant effects of inclusion of soluble and insoluble fibre noted, as well as
fibre intake/kJ
Mayne et al. (2001)
Squamous carcinoma: Adjusted OR 0.24
(0.14–0.38) for highest quartile of total fibre
intake vs 1 for lowest
 Disease/conditionStudy designComparative statistics (95% CI)NotesReference
 Disease/conditionStudy
designComparative statistics (95%
CI)NotesReferenceGastric cancer
Pooled analysis of 61,647 adults following
different habitual diets
RR 0.37 (0.19, 0.69) for vegetarians and vegans
versus 1 for meat eaters for stomach cancer
Key  et al.et al. (2014)
Case-control study with 256 cases of gastric Cardia: Adjusted OR 0.58 (0.4–0.9) for highest Wu  et al.et al. (2007)
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cardia and 366 distal cases of gastric
adenocarcinoma
Cardia: Adjusted OR 0.58 (0.4–0.9) for highest
quartile of fibre intake vs 1 for lowest
Distal: Adjusted OR 0.69 (0.5–1.0) for highest
quartile of fibre intake vs 1 for lowest
Case-control study with 300 cases of distal
gastric adenocarcinoma
Men: Adjusted OR 0.4 (0.3–0.7) for highest
tertile of total non-starch polysaccharide intake
vs 1 for lowest
Nomura, Hankin, Kolonel,
Wilkens, Goodman, and
Stemmermann (2003)
Women: Adjusted 0.5 (0.3–1.0) for highest tertile
of total total non-starch polysaccharide intake vs
1 for lowest
Case-control study with 124 cases of distal
gastric cancer
Adjusted 0.4 (0.2–0.8) for highest quartile of total
fibre intake vs 1 for lowest
Chen et al. (2002)
Case-control study with 262 cases of gastric
cardia adenocarcinoma
Adjusted OR 0.4 (0.3–0.8) for highest quartile of
total fibre intake vs 1 for lowest
Increased cereal and vegetable (but not fruit) fibre intakes
were associated with reduced OR
Terry  et al.et al. (2001)
Case-control study with 255 cases of gastric
cardia adenocarcinoma and 352 cases of non-
cardia cancer
Cardia: Adjusted OR 0.43 (0.30–0.61) for highest
quartile of total fibre intake vs 1 for lowest
Similarly significant effects of inclusion of soluble and
insoluble fibre noted, as well as fibre intake/kJ
Mayne et al. (2001)
Non-cardia: Adjusted OR 0.38 (0.28–0.53) for
highest quartile of total fibre intake vs 1 for
lowest
Follow-up cohort study on gastric carcinoma
for 6.3 years in 120,852 participants aged
55–69
Adjusted RR 0.8 (0.6–1.2) for highest quintile of
total fibre intake vs 1 for lowest
Total, soluble and insoluble non-starch polysaccharides also
did not significantly correlate with subsequent gastric
carcinoma occurrence
Botterweck, Van Den Brandt,
and Goldbohm (2000)
HR = Hazard Ratio, OR = Odds HR=hazard ratio, RR = relativeOR=odds ratio, RR=relative risk. Data searches were carried out using www.scopus.com and focused on publications from 2000 and onwards.
Much of the recent research effort into mucosal lesions in the stomach have centred around the association of Helicobacter pylori with gastric ulcer and/or gastric cancer occurrence. To the author’s knowledge, no recent observational
studies linking dietary intake to gastric ulceration (or infection with H.pyloriHelicobacter pylori) have been carried out. The prevalence of gastric cancer appears to be higher in those of Japanese and Chinese ethnicity than in other populations
(Goh & Parasakthi, 2001; Naylor et al., 2006). A meta-analysis looking at dietary fibre intake and gastric cancer noted a consistent inverse association of increasing dietary fibre intake with gastric cancer risk. It was suggested that an increment
of 10-g/day of dietary fibre could be expected to reduce gastric cancer risk by over 40% (Zhang, Xu, Ma, Yang, & Liu, 2013). Previous studies assessing associations between fibre intake and gastric cancer are outlined in Table 2.
The role that fibre may play in the disease processes highlighted in Tables 1 and 2 is not fully elucidated. Considerably more research has been carried out to consider the potential mechanisms for the actions of dietary fibre intake on
the large bowel than has been reported for the upper gastrointestinal tract. As the potential for fermentation in the upper gastrointestinal tract is limited (due to comparatively short transit times and low numbers of microbes in this part of the gut
compared to the bowel). However, it is still possible that higher intake of plant-based foods relates to a reduction of number in potentially harmful bacteria in the upper gut. For example, lower occurrence of cariogenic bacteria in the mouth have
previously been associated with higher dietary fibre intake (Coogan, MacKeown, Galpin & Fatti, 2008). It can be hypothesised that consumption of plant-based foods may directly help to remove bacterial plaques by increasing shear stress at
the surface of teeth, or indirectly reduce bacterial numbers by increasing salivary flow (resulting in an increased output of bacteriocidalbactericidal factors).
Fibre from plant-based foods has also previously been suggested to bind to potentially toxic compounds that occur within the gut lumen. The reduction of the concentration of these products that come into contact with the mucosa
would be expected to reduce potential damage to the underlying tissue. While in the large bowel, dietary fibre tends to act to reduce transit time, previous studies suggest fibre intake tends to increase the length of time ingested foods may stay
in the stomach, as a result of delayed gastric emptying (e.g. Marciani et al., 2013). This might mean that while the gastric mucosa is exposed to a reduced concentration of damaging luminal agents, this could be over a longer period of time.
Therefore, the overall effect on mucosal exposure to such factors remains unclear. Effects of habitual dietary fibre intake on mucosal development and maintenance of mucosal integrity are also possible but not, to the author’s knowledge, well
studied in the upper GI tract.
10 Summary
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The above evidence relating to dietary fibre intake and diseases of the upper gastrointestinal tract is not aimed at being a systematic review. Nonetheless, the recent evidence covered in Tables 1 and 2 tends to show a consistent
association of increasing dietary fibre with reduced disease risk. While this is perhaps unsurprising, due to fibre-rich foods being a key component of healthy dietary templates used around the world, it must be noted that results from such
studies are not consistent across all studies. A more complete consideration of this evidence would include a much more careful analysis of the target populations involved and the adjustment factors used within these studies. Most of the
current evidence in this area comes from case-controlled studies, suggesting the need a range of prospective cohort studies in the future.
It appears as though most of the actions of dietary fibre on upper GI physiology are possible through actions on luminal bulking, increasing luminal viscosity and potential binding to other nutrients. It is difficult to predict whether effects
of dietary fibre or fibre-rich food consumption at a single meal can appropriately model factors that may lead to disease progression. It is therefore recommended that such acute physiological data are rationally considered and discussed
critically within the scientific literature. Further longer-term studies modelling the impact of fibre (and other dietary factor) intake are necessary before attempting to relate these findings to health outcomes. The above review has highlighted
occasional intervention studies assessing the impact of dietary change relating to dietary fibre on upper gastrointestinal health outcomes (Kondo et al., 2014; Kristal et al., 2005). Whole diet interventions are challenging to carry out over long
periods of time due to difficulties with compliance and standardisation (Larsen et al., 2010). Running interventions for shorter periods of time has the potential that lifelong disease trajectory m a series of months may not adequately model
changes relating to lifelong disease trajectory (Brownlee et al., 2010). Validated biomarkers of current health or future disease risk are also required which may limit the applicability of such studies to, for examples, cancers of the upper
gastrointestinal tract. Metabolomic approaches to disease progression monitoring currently demonstrating potential to develop such disease biomarkers (Bonne & Wong, 2012; Song et al., 2012; Zhang et al., 2012). The previous observational
evidence would rationalise testing high fibre diets in biomarker studies for upper gastrointestinal health. Such studies would allow a step closer to consideration of causal relationships between intake of fibre-rich foods and gut health but would
still not effectively separate the casual factor (if it is believed that only one component of such foods is responsible for the effect). Isolated fibre types should not be used in such disease-related intervention studies until their effects have been
appropriately modelled in laboratory studies and acute physiological experiments with human participants.
Acknowledgements
IAB is fully employed as a lecturer by Newcastle University. This review was carried out as part of this job role. IAB’s research currently receives funding from Cereal Partners Worldwide.
References
Akiba Y. and Kaunitz J.D., Duodenal luminal chemosensing; acid, ATP, and nutrients, Current Pharmaceutical Design  2020 (16), 2014, 2760–2765.
Allen A. and Flemström G., Gastroduodenal mucus bicarbonate barrier: Protection against acid and pepsin, American Journal of Physiology ‐ Cell Physiology—Cell Physiology  288288 (1 57-1), 2005, C1–C19.
Alsanei W.A. and Chen J., Studies of the Oral Capabilitiesoral capabilities in Relationrelation to Bolus Manipulationsbolus manipulations and the Easeease of Initiating Bolus Flowinitiating bolus flow, Journal of Texture Studies  4545 (1), 2014,
1–12.
Azpiroz F., Feinle-Bisset C., Grundy D. and Tack J., Gastric sensitivity and reflexes: Basic mechanisms underlying clinical problems, Journal of Gastroenterology  4949 (2), 2014, 206–218.
Bessell A., Glenny A.M., Furness S., Clarkson J.E., Oliver R. and Conway M.Macluskey D.I.,  S.Pavitt P.Sloan H.V.WorthingtonInterventions for the treatment of oral and oropharyngeal cancers: surgicalSurgical treatment, Cochrane Database of
Systematic Reviews (Online) 2011,  99.
Billy L., Mehinagic E., Royer G., Renard C.M. G.C., Arvisenet G., Prost F.Jourjon C., et al., Relationship between texture and pectin composition of two apple cultivars during storage, Postharvest Biology and Technology  4747 (3), 2008, 315–324.
Bingham S.A., Day N.E., Luben R., Ferrari P., Slimani N., Norat F.Clavel-Chapelon T., et al., Dietary fibre in food and protection against colorectal cancer in the European Prospective Investigation into Cancer and Nutrition (EPIC): An
observational study, Lancet  361361 (9368), 2003, 1496–1501.
Blevins J.E. and Ho J.M., Role of oxytocin signaling in the regulation of body weight, Reviews in Endocrine and Metabolic Disorders  1414 (4), 2013, 311–329.
Bogart L.M., Cowgill B.O., Elliott M.N., Klein D.J., Hawes-Dawson J., Uyeda J.Elijah K., et al.,  D.G.Binkle M. ASchusterA Randomized Controlled Trialrandomized controlled trial of Studentsstudents for Nutritionnutrition and eXercise:exercise:
A Community‐Based Participatory Research Studycommunity-based participatory research study,  Journal of Adolescent HealthJournal of Adolescent Health 2014.
Bolhuis D.P., Forde C.G., Cheng Y., Xu H., Martin N. and De Graaf C., Slow food: Sustained impact of harder foods on the reduction in energy intake over the course of the day, PLoS ONEOne  99, 2014, 4.
Bonithon-Kopp C., Kronborg O., Giacosa A., Räth U. and Faivre J., Calcium and fibre supplementation in prevention of colorectal adenoma recurrence: A randomised intervention trial, Lancet  356356 (9238), 2000, 1300–1306.
elsevier_BCDF_68
Bonne N.J. and Wong D.T. W., Salivary biomarker development using genomic, proteomic and metabolomic approaches, Genome Medicine  44, 2012, 10.
Bosetti C., Gallus S., Trichopoulou A., Talamini R., Franceschi S., Negri C.La Vecchia E., et al., Influence of the Mediterranean Dietdiet on the Riskrisk of Cancerscancers of the Upper Aerodigestive Tractupper aerodigestive tract, Cancer
Epidemiology Biomarkers and Prevention  1212 (10), 2003, 1091–1094.
Botterweck A.A. M., Van Den Brandt P.A. and Goldbohm R.A., Vitamins, carotenoids, dietary fiber, and the risk of gastric carcinoma: Results from a prospective study after 6.3 years of follow-up, Cancer  8888 (4), 2000, 737–748.
Bradbury J., Thomason J.M., Jepson N.J. A., Walls A.W. G., Mulvaney C.E., Allen P.J.Moynihan P.F., et al., Perceived chewing ability and intake of fruit and vegetables, Journal of Dental Research  8787 (8), 2008, 720–725.
Brownlee I.A., The physiological roles of dietary fibre, Food Hydrocolloids  2525 (2), 2011, 238–250.
Brownlee I.A., Moore C., Chatfield M., Richardson D.P., Ashby P., Kuznesof S.A.Jebb S.A., et al.,  C.J.SealMarkers of cardiovascular risk are not changed by increased whole-grain intake: The WHOLEheart study, a randomised, controlled
dietary intervention, British Journal of Nutrition  104104 (1), 2010, 125–134.
Buchan A.M. J., Nutrient tasting and signaling mechanisms in the gut III. Endocrine cell recognition of luminal nutrients, American Journal of Physiology ‐ Gastrointestinal Physiology—Gastrointestinal and Liver Physiology  277277 (6 40-6), 1999,
G1103–G1107.
Cammisotto P.G., Renaud C., Gingras D., Delvin E., Levy E. and Bendayan M., Endocrine and exocrine secretion of leptin by the gastric mucosa, Journal of Histochemistry and Cytochemistry  5353 (7), 2005, 851–860.
Chambers A.P., Sandoval D.A. and Seeley R.J., Integration of satiety signals by the central nervous system, Current Biology  2323 (9), 2013, R379–R388.
Champa W.A. H., Gill M.I. S., Mahajan B.V. C. and Arora N.K., Postharvest treatment of polyamines maintains quality and extends shelf-life of table grapes (Vitis vinifera L.) cv. Flame Seedless, Postharvest Biology and Technology  9191, 2014,
57–63.
Chen C.L., Yi C.H., Chou A.S. B. and Liu T.T., Esophageal solid bolus transit: Studies using combined multichannel intraluminal impedance and manometry in healthy volunteers, Diseases of the Esophagus  2626 (1), 2013, 91–96.
Chen H., Tucker K.L., Graubard B.I., Heineman E.F., Markin R.S., Potischman R.M.Russell N.A., et al.,  D.D.Weisenburger M.H.WardNutrient intakes and adenocarcinoma of the esophagus and distal stomach, Nutrition and Cancer  4242 (1),
2002, 33–40.
Chen J., Food oral processing‐Aprocessing—A review, Food Hydrocolloids  2323 (1), 2009, 1–25.
Chen J., Liu Z. and Prakash S., Lubrication studies of fluid food using a simple experimental set up,  Food HydrocolloidsFood Hydrocolloids. 2014.
Cichero J.A. Y., Thickening agents used for dysphagia management: Effect on bioavailability of water, medication and feelings of satiety, Nutrition Journal  1212, 2013, 1.
Clark M.J. and Slavin J.L., The effect of fiber on satiety and food intake: aA systematic review, Journal of the American College of Nutrition  3232 (3), 2013, 200–211.
Coleman H.G., Murray L.J., Hicks B., Bhat S.K., Kubo A., Corley C.R.Cardwell D.A., et al.,  M.M.CantwellDietary fiber and the risk of precancerous lesions and cancer of the esophagus: A systematic review and meta-analysis, Nutrition
Reviews  7171 (7), 2013, 474–482.
Coogan M.M., MacKeown J.M., Galpin J.S. and Fatti L.P., Microbiological impressions of teeth, saliva and dietary fibre can predict caries activity, Journal of Dentistry 36 (11), 2008, 892–899.
Côté C.D., Zadeh-Tahmasebi M., Rasmussen B.A., Duca F.A. and Lam T.K.T.T.K. T., Hormonal signaling in the gut, Journal of Biological Chemistry 289 (17), 2014, 11642–11649.
De Graaf C., Blom W.A. M., Smeets P.A. M., Stafleu A. and Hendriks H.F. J., Biomarkers of satiation and satiety, American Journal of Clinical Nutrition  7979 (6), 2004, 946–961.
De Menezes E.W., Giuntini E.B., Dan M.C. T., Sardá F.A. H. and Lajolo F.M., Codex dietary fibre definition‐Justificationdefinition—Justification for inclusion of carbohydrates from 3 to 9 degrees of polymerisation, Food Chemistry  140140 (3),
2013, 581–585.
Depoortere I., Taste receptors of the gut: Emerging roles in health and disease, Gut 63 (1), 2014, 179–190.
Edefonti V., Bravi F., La Vecchia C., Randi G., Ferraroni M., Garavello S.Franceschi W., et al.,  R.Talamini P.Boffetta A.DecarliNutrient-based dietary patterns and the risk of oral and pharyngeal cancer, Oral Oncology  4646 (5), 2010, 343–348.
elsevier_BCDF_68
Edefonti V., Hashibe M., Ambrogi F., Parpinel M., Bravi F., Talamini F.Levi R., et al.,  G.Yu H.Morgenstern K.Kelsey M.McClean S.Schantz Z.Zhang S.Chuang P.Boffetta C.La vecchia A.DecarliNutrient-based dietary patterns and the risk of
head and neck cancer: A pooled analysis in the International Head and Neck Cancer Epidemiology Consortium, Annals of Oncology  2323 (7), 2012, 1869–1880.
El-Serag H.B., Satia J.A. and Rabeneck L., Dietary intake and the risk of gastro-oesophageal reflux disease: A cross sectional study in volunteers, Gut  5454 (1), 2005, 11–17.
Ellis P.R., Kendall C.W. C., Ren Y., Parker C., Pacy J.F., Waldron D.J. A.Jenkins K.W., et al., Role of cell walls in the bioaccessibility of lipids in almond seeds, American Journal of Clinical Nutrition  8080 (3), 2004, 604–613.
Ericson A., Nur E.M., Petersson F. and Kechagias S., The effects of capsaicin on gastrin secretion in isolated human antral glands: Before and after ingestion of red chilli, Digestive Diseases and Sciences  5454 (3), 2009, 491–498.
Ertekin C., Kiylioglu N., Tarlaci S., Turman A.B., Secil Y. and Aydogdu I., Voluntary and reflex influences on the initiation of swallowing reflex in man, Dysphagia  1616 (1), 2001, 40–47.
Escribano Uzcudun A., Rabanal Retolaza I., Bravo Fernández P., Sánchez Hernández J.J., García Grande A., García García L.Miralles Olivar A., et al.,  I.De Diego Sastre M.González Barón J.Gavilán BouzasNutrition and pharyngeal cancer:
Results from a case-control study in Spain, Head and Neck  2424 (9), 2002, 830–840.
Eslamian G., Jessri M., Hajizadeh B., Ibiebele T.I. and Rashidkhani B., Higher glycemic index and glycemic load diet is associated with increased risk of esophageal squamous cell carcinoma: A case-control study, Nutrition Research  3333 (9),
2013, 719–725.
European Heart Network, Diet, Physical Activityphysical activity and Cardiovascular Disease Preventioncardiovascular disease prevention in Europe. In)Europe, 2011, EHN; Brussels.
Festi D., Scaioli E., Baldi F., Vestito A., Pasqui F., Di Biase A.Colecchia A.R., et al., Body weight, lifestyle, dietary habits and gastroesophageal reflux disease, World Journal of Gastroenterology  1515 (14), 2009, 1690–1701.
Figler M., Szabó I. and Mózsik G., Effects of pectin-induced passive linkage of gastric H+ on the gastric acid secretion and on the development of ethanol- and salicylate-induced gastric mucosal lesions in rats, Journal of Physiology
Paris  9393 (6), 1999, 495–499.
Fiorucci S., Distrutti E., Federici B., Palazzetti B., Baldoni M., Morelli G.Cirino A., et al., PAR-2 modulates pepsinogen secretion from gastric-isolated chief cells, American Journal of Physiology ‐ Gastrointestinal Physiology—Gastrointestinal and
Liver Physiology  285285 (3 48-3), 2003, G611–G620.
Fiszman S. and Varela P., The role of gums in satiety/satiation. A review, Food Hydrocolloids  3232 (1), 2013, 147–154.
Fiszman S., Varela P., Díaz P., Linares M.B. and Garrido M.D., What is satiating? Consumer perceptions of satiating foods and expected satiety of protein-based meals, Food Research International  6262, 2014, 551–560.
Flint H.J., The impact of nutrition on the human microbiome, Nutrition Reviews  7070 (SUPPL.Suppl. 1), 2012, S10–S13.
Ford P.J. and Farah C.S., Early detection and diagnosis of oral cancer: Strategies for improvement, Journal of Cancer Policy  11 (1‐21–2), 2013, e2–e7.
Furness S., Glenny A.M., Worthington H.V., Pavitt S., Oliver R., Clarkson M.Macluskey J.E., et al.,  K.K.Chan D.I.ConwayInterventions for the treatment of oral cavity and oropharyngeal cancer: chemotherapyChemotherapy, Cochrane Database
of Systematic Reviews (Online) 2011,  44.
Glenny A.M., Furness S., Worthington H.V., Conway D.I., Oliver R., Clarkson M.Macluskey J.E., et al.,  S.Pavitt K.K.Chan P.Brocklehurst C.E.PanelInterventions for the treatment of oral cavity and oropharyngeal cancer:
radiotherapyRadiotherapy, Cochrane Database of Systematic reviews (Online) 2010,  1212.
Goh K.L. and Parasakthi N., The racial cohort phenomenon: Seroepidemiology of Helicobacter pylori infection in a multiracial South-East Asian country, European Journal of Gastroenterology and Hepatology  1313 (2), 2001, 177–183.
Griffin S.M., Robertson A.G. N., Bredenoord A.J., Brownlee I.A., Stovold R., Brodlie I.Forrest M., et al.,  J.H.Dark J.P.Pearson C.WardAspiration and allograft injury secondary to gastroesophageal reflux occur in the immediate post-lung
transplantation period (Prospective Clinical Trial), Annals of Surgery  258258 (5), 2013, 705–712.
Guzmán M., Sánchez A., Salas M.C., Del Moral F. and Valenzuela J.L., Relationship between pectin-methyl esterase activity and softening in ׳Raf׳‘Raf’ tomato fruit, In Acta  HorticulturaeHorticulturae 934, 2012, 1291–1296.
Harada S., Tanaka S., Takahashi Y., Matsumura H., Shimamoto C., Nakano H.Kuwabara T., et al.,  Y.Sawabe T.NakahariInhibition of Ca2+-regulated exocytosis by levetiracetam, a ligand for SV2A, in antral mucous cells of guinea pigs,
European Journal of Pharmacology  721721 (1‐31–3), 2013, 185–192.
elsevier_BCDF_68
Hayat J.O., Gabieta-Somnez S., Yazaki E., Kang J.Y., Woodcock A., Dettmar J.Mabary P., et al.,  C.H.Knowles D.SifrimPepsin in saliva for the diagnosis of gastro-oesophageal reflux disease, Gut 2014.
Hebert J.R., Gupta P.C., Bhonsle R.B., Mehta H., Zheng W., Sanderson J.Teas M., et al., Dietary exposures and oral precancerous lesions in Srikakulam District, Andhra Pradesh, India, Public Health Nutrition  55 (2), 2002, 303–312.
Hellström P.M., Grybäck P. and Jacobsson H., The physiology of gastric emptying, Best Practice and Research: Clinical Anaesthesiology  2020 (3), 2006, 397–407.
Herman R., Gao Y. and Storer N., Acid-induced unfolding kinetics in simulated gastric digestion of proteins, Regulatory Toxicology and Pharmacology  4646 (1), 2006, 93–99.
Houghton D., Wilcox M.D., Brownlee I.A., Chater P., Seal C.J. and Pearson J.P., Method for quantifying alginate and determining release from a food vehicle in gastrointestinal digesta, Food Chemistry  151151, 2014, 352–357.
Howe G.R., Benito E., Castelleto R., Cornée J., Estève J., Gallagher J.M.Iscovich R.P., et al.,
 D.Jiao R.Kaaks G.A.Kune S.Kune K.A.L׳Abbé H.P.Lee M.Lee A.B.Miller R.K.Peters J.D.Potter E.Riboli M.L.Slattery D.Trichopoulos A.Tuyns A.Tzonou A.S.Whittemore A.H.Wu-Williams S.ZhengDietary intake of fiber and decreased
risk of cancers of the colon and rectum: Evidence from the combined analysis of 13 case-control studies, Journal of the National Cancer Institute  8484 (24), 1992, 1887–1895.
Howell M.D., Novack V., Grgurich P., Soulliard D., Novack L., Pencina D.Talmor M., et al., Iatrogenic gastric acid suppression and the risk of nosocomial Clostridium difficile infection, Archives of Internal Medicine  170170 (9), 2010, 784–790.
Hu F.B., Manson J.E., Stampfer M.J., Colditz G., Liu S., Solomon W.C.Willett C.G., et al., Diet, lifestyle, and the risk of type 2 diabetes mellitus in women, New England Journal of Medicine  345345 (11), 2001, 790–797.
Hung H.C., Colditz G. and Joshipura K.J., The association between tooth loss and the self-reported intake of selected CVD-related nutrients and foods among US women, Community Dentistry and Oral Epidemiology  3333 (3), 2005, 167–173.
Inoue Y., Sasai M., Shiga S. and Moritaka H., Effects of gel amount and mastication on the velocity of agar and gelatin gels passing through the pharynx, Nippon Shokuhin Kagaku Kogaku Kaishi  5656 (5), 2009, 261–270.
Isackson H. and Ashley C.C., Secretory functions of the gastrointestinal tract, Surgery (United Kingdom)  3232 (8), 2014, 396–403.
Iwakiri K., Hayashi Y., Kotoyori M., Tanaka Y., Kawakami A., Sakamoto R.H.Holloway C., et al., Transient lower esophageal sphincter relaxations (TLESRs) are the major mechanism of gastroesophageal reflux but are not the cause of reflux
disease, Digestive Diseases and Sciences  5050 (6), 2005, 1072–1077.
Janssen P., Vanden Berghe P., Verschueren S., Lehmann A., Depoortere I. and Tack J., Review article: The role of gastric motility in the control of food intake, Alimentary Pharmacology and Therapeutics  3333 (8), 2011, 880–894.
Janssen P., Verschueren S. and Tack J., Intragastric pressure as a determinant of food intake, Neurogastroenterology and Motility  2424 (7), 2012, 612, (e268).
Jarvis M.C., Plant cell walls: Supramolecular assemblies, Food Hydrocolloids  2525 (2), 2011, 257–262.
Jiao L., Kramer J.R., Rugge M., Parente P., Verstovsek G., Alsarraj H.B.El-Serag A., et al., Dietary intake of vegetables, folate, and antioxidants and the risk of Barrett׳sBarrett’s esophagus, Cancer Causes and Control  2424 (5), 2013,
1005–1014.
Jolliffe D.M., Practical gastric physiology, Continuing Education in Anaesthesia, Critical Care and Pain  99 (6), 2009, 173–177.
Jones J.M., CODEX-aligned dietary fiber definitions help to bridge the ׳fiber gap‘fiber gap’, Nutrition Journal  1313, 2014, 1.
Kaoutari A.E., Armougom F., Gordon J.I., Raoult D. and Henrissat B., The abundance and variety of carbohydrate-active enzymes in the human gut microbiota, Nature Reviews Microbiology  1111 (7), 2013, 497–504.
Key T.J., Appleby P.N., Crowe F.L., Bradbury K.E., Schmidt J.A. and Travis R.C., Cancer in British vegetarians: Updated analyses of 4998 incident cancers in a cohort of 32,491 meat eaters, 8612 fish eaters, 18,298 vegetarians, and 2246
vegans, American Journal of Clinical Nutrition  100100 (SUPPL.Suppl. 1), 2014, 378S–385S.
Kidd M., Hauso Ø., Drozdov I., Gustafsson B.I. and Modlin I.M., Delineation of the Chemomechanosensory Regulationchemomechanosensory regulation of Gastrin Secretion Using Pure Rodentgastrin secretion using pure rodent G Cellscells,
Gastroenterology 137 (1), 2009, 231–241, (e210).
Koç H., Çakir E., Vinyard C.J., Essick G., Daubert C.R., Drake J.Osborne M.A., et al.,  E.A.FoegedingAdaptation of Oral Processingoral processing to the Fracture Propertiesfracture properties of Soft Solidssoft solids, Journal of Texture
Studies  4545 (1), 2014, 47–61.
Kondo K., Ishikado A., Morino K., Nishio Y., Ugi S., Kajiwara M.Kurihara S., et al.,  H.Iwakawa K.Nakao S.Uesaki Y.Shigeta H.Imanaka T.Yoshizaki O.Sekine T.Makino H.Maegawa G.L.King A.KashiwagiA high-fiber, low-fat diet improves
elsevier_BCDF_68
periodontal disease markers in high-risk subjects: A pilot study, Nutrition Research  3434 (6), 2014, 491–498.
Kong F., Oztop M.H., Singh R.P. and McCarthy M.J., Physical Changeschanges in Whitewhite and Brown Ricebrown rice during Simulated Gastric Digestionsimulated gastric digestion, Journal of Food Science  7676 (6), 2011, E450–E457.
Kratz M., Baars T. and Guyenet S., The relationship between high-fat dairy consumption and obesity, cardiovascular, and metabolic disease, European Journal of Nutrition  5252 (1), 2013, 1–24.
Kristal A.R., Blount P.L., Schenk J.M., Sanchez C.A., Rabinovitch P.S., Odze J.Standley R.D., et al.,  T.L.Vaughan B.J.ReidLow-fat, high fruit and vegetable diets and weight loss do not affect biomarkers of cellular proliferation in Barrett
esophagus, Cancer Epidemiology Biomarkers and Prevention  1414 (10), 2005, 2377–2383.
Kubo A., Block G., Quesenberry C.P., Jr, Buffler P. and Corley D.A., Effects of dietary fiber, fats, and meat intakes on the risk of barrett׳sbarrett’s esophagus, Nutrition and Cancer  6161 (5), 2009, 607–616.
Kumar V., Sinha A.K., Makkar H.P. S., de Boeck G. and Becker K., Dietary Rolesroles of Non‐Starch Polysachharidesnon-starch polysachharides in Human Nutrition:human nutrition: A Reviewreview, Critical Reviews in Food Science and
Nutrition  5252 (10), 2012, 899–935.
Kuznesof S., Brownlee I.A., Moore C., Richardson D.P., Jebb S.A. and Seal C.J., WHOLEheart study participant acceptance of wholegrain foods, Appetite  5959 (1), 2012, 187–193.
La Vecchia C., Chatenoud L., Negri E. and Franceschi S., Session: Whole cereal grains, fibre and human cancer wholegrain cereals and cancer in Italy, Proceedings of the Nutrition Society  6262 (1), 2003, 45–49.
Lam T.K., Cross A.J., Freedman N., Park Y., Hollenbeck A.R., Schatzkin C.Abnet A., et al., Dietary fiber and grain consumption in relation to head and neck cancer in the NIH-AARP diet and health study, Cancer Causes and Control  2222 (10),
2011, 1405–1414.
Larsen T.M., Dalskov S., Van Baak M., Jebb S., Kafatos A., Pfeiffer J.A.Martinez A., et al.,  T.Handjieva-Darlenska M.Kunešová C.Holst W.H. M.Saris A.AstrupThe diet, obesity and genes (diogenes) dietary study in eight European countries ‐
A countries—A comprehensive design for long-term intervention, Obesity Reviews  1111 (1), 2010, 76–91.
Lazzeri G., Pammolli A., Azzolini E., Simi R., Meoni V., De Wet M.V.Giacchi D.R., et al., Association between fruits and vegetables intake and frequency of breakfast and snacks consumption: A cross-sectional study, Nutrition
Journal  1212, 2013, 1.
Le Révérend B.J. D., Edelson L.R. and Loret C., Anatomical, functional, physiological and behavioural aspects of the development of mastication in early childhood, British Journal of Nutrition  111111 (3), 2014, 403–414.
Lombardo L., Foti M., Ruggia O. and Chiecchio A., Increased Incidenceincidence of Small Intestinal Bacterial Overgrowth During Proton Pump Inhibitor Therapysmall intestinal bacterial overgrowth during proton pump inhibitor therapy, Clinical
Gastroenterology and Hepatology  88 (6), 2010, 504–508.
Lund J.P. and Kolta A., Generation of the central masticatory pattern and its modification by sensory feedback, Dysphagia  2121 (3), 2006, 167–174.
Magri L.D. P., Batista L.M., Almeida A.B. A., Farias-Silva E., Areas M.A. and Souza Brito A.R. M., Dietary fibers prevent ethanol and nonsteroidal anti-inflammatory drug-induced gastric mucosal damage in rats, Nutrition Research  2727 (2),
2007, 109–112.
Majmudar H., Mourya V., Devdhe S. and Chandak R., Pharmaceutical applications of Ispaghula Husk: Mucilage, International Journal of Pharmaceutical Sciences Review and Research  1818 (1), 2013, 49–55.
Makkumrai W., Anthon G.E., Sivertsen H., Ebeler S.E., Negre-Zakharov F., Barrett E.J.Mitcham D.M., et al., Effect of ethylene and temperature conditioning on sensory attributes and chemical composition of ׳Bartlett׳‘Bartlett’ pears, Postharvest
Biology and Technology  9797, 2014, 44–61.
Marciani L., Gowland P.A., Spiller R.C., Manoj P., Moore R.J., Young A.J.Fillery-Travis P., et al., Effect of meal viscosity and nutrients on satiety, intragastric dilution, and emptying assessed by MRI, American Journal of Physiology ‐
Gastrointestinal Physiology—Gastrointestinal and Liver Physiology  280280 (6 43-6), 2001, G1227–G1233.
Marciani L., Pritchard S.E., Hellier-Woods C., Costigan C., Hoad C.L., Gowland R.C.Spiller P.A., et al., Delayed gastric emptying and reduced postprandial small bowel water content of equicaloric whole meal bread versus rice meals in healthy
subjects: Novel MRI insights, European Journal of Clinical Nutrition  6767 (7), 2013, 754–758.
Mayne S.T., Risch H.A., Dubrow R., Chow W.H., Gammon M.D., Vaughan D.C.Farrow T.L., et al.,  J.B.Schoenberg J.L.Stanford H.Ahsan A.B.West H.Rotterdam W.J.Blot J.FFraumeniJr.Nutrient intake and risk of subtypes of esophageal and
gastric cancer, Cancer Epidemiology Biomarkers and Prevention  1010 (10), 2001, 1055–1062.
elsevier_BCDF_68
Mellen P.B., Liese A.D., Tooze J.A., Vitolins M.Z., Wagenknecht L.E. and Herrington D.M., Whole-grain intake and carotid artery atherosclerosis in a multiethnic cohort: The Insulin Resistance Atherosclerosis Study, American Journal of Clinical
Nutrition  8585 (6), 2007, 1495–1502.
Merchant A.T., Pitiphat W., Franz M. and Joshipura K.J., Whole-grain and fiber intakes and periodontitis risk in men, American Journal of Clinical Nutrition  8383 (6), 2006, 1395–1400.
Mulholland H.G., Cantwell M.M., Anderson L.A., Johnston B.T., Watson R.G. P., Murphy H.R.Ferguson S.J., et al.,  J.McGuigan J.V.Reynolds H.Comber L.J.MurrayGlycemic index, carbohydrate and fiber intakes and risk of reflux esophagitis,
Barrett׳sBarrett’s esophagus, and esophageal adenocarcinoma, Cancer Causes and Control  2020 (3), 2009, 279–288.
Nakahari T., Fujiwara S., Shimamoto C., Kojima K., Katsu K.I. and Imai Y., cAMP modulation of Ca2+-regulated exocytosis in ACh-stimulated antral mucous cells of guinea pig, American Journal of Physiology ‐
Gastrointestinal Physiology—Gastrointestinal and Liver Physiology  282282 (5 45-5), 2002, G844–G856.
Naylor G.M., Gotoda T., Dixon M., Shimoda T., Gatta L., Owen D.Tompkins R., et al.,  A.AxonWhy does Japan have a high incidence of gastric cancer? Comparison of gastritis between UK and Japanese patients, Gut  5555 (11), 2006,
1545–1552.
Nishino T., The swallowing reflex and its significance as an airway defensive reflex, (Jan) JANFrontiers in Physiology  33, 2013.
Nomura A.M. Y., Hankin J.H., Kolonel L.N., Wilkens L.R., Goodman M.T. and Stemmermann G.N., Case-control study of diet and other risk factors for gastric cancer in Hawaii (United States), Cancer Causes and Control  1414 (6), 2003,
547–558.
Pauwels A., Altan E. and Tack J., The gastric accommodation response to meal intake determines the occurrence of transient lower esophageal sphincter relaxations and reflux events in patients with gastro-esophageal reflux disease,
Neurogastroenterology and Motility  2626 (4), 2014, 581–588.
Pavitt S., Clarkson J.E., Conway D.I., Glenny A.M., Macluskey M., Oliver P.Sloan R.J., et al.,
 S.Warnakulasuriya H.V.Worthington B.Baujat T.Blackburn G.Humphris I.Hutchison C.O׳Brien J.P.Pignon G.Robertson S.Rogers J.Shah N.Slevin D.Soutar E.Sturgis E.Tavender J.B.Vermorken S.Wardell K.WebsterInterventions for the
treatment of oral and oropharyngeal cancers: Immunotherapy/biotherapy, Cochrane Database of Systematic Reviews (4)), 2007.
Pearson J.P. and Brownlee I.A., Structure and Functionfunction of the Stomachstomach, In: Sadler M.J., Strain J.J. and Caballero B., (Eds.), Encylopaedia of Human Nutritionhuman nutrition, 2005, Academic Press; London.
Pearson, J. P., Parikh, S., Robertson, A. G. N., Stovold, R., & Brownlee, I. A. (2012). Pepsins. In: Effects, diagnosis and management of extra-esophageal reflux, (pp. 29-41).
Pedersen A.M., Bardow A., Jensen S.B. and Nauntofte B., Saliva and gastrointestinal functions of taste, mastication, swallowing and digestion, Oral Diseases  88 (3), 2002, 117–129.
Phillipson M., Johansson M.E. V., Henriksnäs J., Petersson J., Gendler S.J., Sandler A.E. G.Persson S., et al.,  G.C.Hansson L.HolmThe gastric mucus layers: Constituents and regulation of accumulation, American Journal of Physiology ‐
Gastrointestinal Physiology—Gastrointestinal and Liver Physiology  295295 (4), 2008, G806–G812.
Piche T., Zerbib F., Bruley Des Varannes S., Cherbut C., Anini Y., Roze A.Le Quellec C., et al.,  J.P.GalmicheModulation by colonic fermentation of LES function in humans, American Journal of Physiology ‐
Gastrointestinal Physiology—Gastrointestinal and Liver Physiology  278278 (4 41-4), 2000, G578–G584.
Pihlstrom B.L., Michalowicz B.S. and Johnson N.W., Periodontal diseases, Lancet  366366 (9499), 2005, 1809–1820.
Popa Nita S., Murith M., Chisholm H. and Engmann J., Matching the rheological properties of videofluoroscopic contrast agents and thickened liquid prescriptions, Dysphagia  2828 (2), 2013, 245–252.
Ramasamy U.S., Venema K., Gruppen H. and Schols H.A., The fate of chicory root pulp polysaccharides during fermentation in the TNO in vitro model of the colon (TIM-2), Bioactive Carbohydrates and Dietary Fibre  44 (1), 2014, 48–57.
Rimm E.B., Ascherio A., Giovannucci E., Spiegelman D., Stampfer M.J. and Willett W.C., Vegetable, fruit, and cereal fiber intake and risk of coronary heart disease among men, Journal of the American Medical Association  275275 (6), 1996,
447–451.
Roberts N.B., Review article: Human pepsins ‐ Their pepsins—Their multiplicity, function and role in reflux disease, Alimentary Pharmacology and Therapeutics  2424 (SUPPL.Suppl. 2), 2006, 2–9.
Rutegård M., Nordenstedt H., Lu Y., Lagergren J. and Lagergren P., Sex-specific exposure prevalence of established risk factors for oesophageal adenocarcinoma, British Journal of Cancer  103103 (5), 2010, 735–740.
elsevier_BCDF_68
Saqui-Salces M., Dowdle W.E., Reiter J.F. and Merchant J.L., A high-fat diet regulates gastrin and acid secretion through primary cilia, FASEB Journal  2626 (8), 2012, 3127–3139.
Satchithanandam S., Klurfeld D.M., Calvert R.J. and Cassidy M.M., Effects of dietary fibers on gastrointestinal mucin in rats, Nutrition Research  1616 (7), 1996, 1163–1177.
Savoca M.R., Arcury T.A., Leng X., Chen H., Bell R.A., Anderson T.Kohrman A.M., et al.,  R.J.Frazier G.H.Gilbert S.A.QuandtSevere tooth loss in older adults as a key indicator of compromised dietary quality, Public Health Nutrition  1313 (4),
2010, 466–474.
Schatzkin A., Lanza E., Corle D., Lance P., Iber F., Caan M.Shike B., et al.,  J.Weissfeld R.Burt M.R.Cooper J.W.Kikendall J.Cahill L.Freedman J.Marshall R.E.Schoen M.SlatteryLack of effect of a low-fat, high-fiber diet on the recurrence of
colorectal adenomas, New England Journal of Medicine  342342 (16), 2000, 1149–1155.
Schubert M.L. and Peura D.A., Control of Gastric Acid Secretiongastric acid secretion in Healthhealth and Diseasedisease, Gastroenterology  134134 (7), 2008, 1842–1860.
Schulz B.L., Cooper-White J. and Punyadeera C.K., Saliva proteome research: Current status and future outlook, Critical Reviews in Biotechnology  3333 (3), 2013, 246–259.
Schwartz N., Kaye E.K., Nunn M.E., Spiro Iii A. and Garcia R.I., High-fiber foods reduce periodontal disease progression in men aged 65 and older: The Veterans Affairs Normative Aging study/dental longitudinal study, Journal of the American
Geriatrics Society  6060 (4), 2012, 676–683.
Shafik A., El Sibai O., Shafik A.A. and Shafik I.A., Mechanism of gastric emptying through the pyloric sphincter: A human study, Medical Science Monitor  1313 (1), 2007, CR24–CR29.
Sheiham A. and Steele J., Does the condition of the mouth and teeth affect the ability to eat certain foods, nutrient and dietary intake and nutritional status amongst older people?, Public Health Nutrition  44 (3), 2001, 797–803.
Shen Q., Zhao L. and Tuohy K.M., High-level dietary fibre up-regulates colonic fermentation and relative abundance of saccharolytic bacteria within the human faecal microbiota in vitro, European Journal of Nutrition  5151 (6), 2012, 693–705.
Shimizu C., Kihara M., Aoe S., Araki S., Ito K., Hayashi J.Watari K., et al.,  Y.Sakata S.IkegamiEffect of high β-glucan barley on serum cholesterol concentrations and visceral fat area in Japanese men ‐ A men—A randomized, double-blinded,
placebo-controlled trial, Plant Foods for Human Nutrition  6363 (1), 2008, 21–25.
Shobha M.S., Gowda L.R. and Tharanathan R.N., A novel catalysis by porcine pepsin in debranching guar galactomannan, Carbohydrate Polymers  102102 (1), 2014, 615–621.
Singh S., Garg S.K., Singh P.P., Iyer P.G. and El-Serag H.B., Acid-suppressive medications and risk of oesophageal adenocarcinoma in patients with barrett׳sbarrett’s oesophagus: A systematic review and meta‐ Analysismeta-analysis,
Gut  6363 (8), 2014, 1229–1237.
Soler M., Bosetti C., Franceschi S., Negri E., Zambon P., Talamini E.Conti R., et al.,  C.La VecchiaFiber intake and the risk of oral, pharyngeal and esophageal cancer, International Journal of Cancer  9191 (3), 2001, 283–287.
Song H., Peng J.S., Yao D.S., Yang Z.L., Liu H.L., Zeng X.P.Shi Y.K., et al.,  B.Y.LuSerum metabolic profiling of human gastric cancer based on gas chromatography/mass spectrometry, Brazilian Journal of Medical and Biological
Research  4545 (1), 2012, 78–85.
Spechler S.J., Barrett esophagus and risk of esophageal cancer: A clinical review, JAMA ‐ Journal JAMA—Journal of the American Medical Association  310310 (6), 2013, 627–636.
Steele C.M. and Van Lieshout P.H. H.M., Influence of bolus consistency on lingual behaviors in sequential swallowing, Dysphagia  1919 (3), 2004, 192–206.
Sworn, G., Kerdavid, E., & Fayos, J. (2008). The role of hydrocolloids in the management of dysphagia. In: Gums and stabilisers for the food industry 14, (pp. 392-401).
Takabayashi F. and Sekiguchi H., Viscous methyl cellulose solution thickens gastric mucosa and increases the number of gland mucous cells in mice, British Journal of Nutrition  110110 (7), 2013, 1195–1200.
Tang L., Xu F., Zhang T., Lei J., Binns C.W. and Lee A.H., Dietary fibre intake associated with reduced risk of oesophageal cancer in Xinjiang, China, Cancer Epidemiology  3737 (6), 2013, 893–896.
Tarascou I., Souquet J.M., Mazauric J.P., Carrillo S., Coq S., Canon H.Fulcrand F., et al.,  V.CheynierThe hidden face of food phenolic composition, Archives of Biochemistry and Biophysics  501501 (1), 2010, 16–22.
Taylor C., Allen A., Dettmar P.W. and Pearson J.P., Two rheologically different gastric mucus secretions with different putative functions, Biochimica et Biophysica Acta ‐ General Acta—General Subjects  16741674 (2), 2004, 131–138.
Terry P., Lagergren J., Ye W., Wolk A. and Nyrén O., Inverse association between intake of cereal fiber and risk of gastric cardia cancer, Gastroenterology  120120 (2), 2001, 387–391.
Torii K., Uneyama H. and Nakamura E., Physiological roles of dietary glutamate signaling via gut-brain axis due to efficient digestion and absorption, Journal of Gastroenterology  4848 (4), 2013, 442–451.
elsevier_BCDF_68
Touyarou P., Sulmont-Rossé C., Gagnaire A., Issanchou S. and Brondel L., Monotonous consumption of fibre-enriched bread at breakfast increases satiety and influences subsequent food intake, Appetite  5858 (2), 2012, 575–581.
Van Daele D.J., Fazan V.P. S., Agassandian K. and Cassell M.D., Amygdala connections with jaw, tongue and laryngo-pharyngeal premotor neurons, Neuroscience  177177 (93‐11393–113), 2011.
van der Bilt A., Engelen L., Pereira L.J., van der Glas H.W. and Abbink J.H., Oral physiology and mastication, Physiology and Behavior  8989 (1), 2006, 22–27.
Veeregowda D.H., Busscher H.J., Vissink A., Jager D.J., Sharma P.K. and van der Mei H.C., Role of structure and glycosylation of adsorbed protein films in biolubrication, PLoS ONEOne  77, 2012, 8.
Vijayvargiya P., Camilleri M., Shin A., Breen M. and Burton D., Simplifying the measurement of gastric accommodation using SPECT, Neurogastroenterology and Motility  2525 (6), 2013, 542–546.
Wanders A.J., Mars M., Borgonjen-Van Den Berg K.J., De Graaf C. and Feskens E.J. M., Satiety and energy intake after single and repeated exposure to gel-forming dietary fiber: Post-ingestive effects, International Journal of Obesity  3838 (6),
2014, 794–800.
Wendin K., Ekman S., Bülow M., Ekberg O., Johansson D., Rothenberg M.Stading E., et al., Objective and quantitative definitions of modified food textures based on sensory and rheological methodology, Food and Nutrition Research 2010,
 5454.
Wickham M.J. S., Faulks R.M., Mann J. and Mandalari G., The design, operation, and application of a dynamic gastric model, Dissolution Technologies  1919 (3), 2012, 15–22.
Wolever T.M. S., Tosh S.M., Gibbs A.L., Brand-Miller J., Duncan A.M., Hart B.Lamarche V., et al.,  B.A.Thomson R.Duss P.J.WoodPhysicochemical properties of oat β-glucan influence its ability to reduce serum LDL cholesterol in humans: A
randomized clinical trial, American Journal of Clinical Nutrition  9292 (4), 2010, 723–732.
World Cancer Research Fund / American Fund/American Institute for Cancer Research, Food, Nutrition, Physical Activitynutrition, physical activity and the Preventionprevention of Cancer:cancer: a Global Perspective. Inglobal perspective,
2007, AICR; Washington DC.
Wu A.H., Tseng C.C., Hankin J. and Bernstein L., Fiber intake and risk of adenocarcinomas of the esophagus and stomach, Cancer Causes and Control  1818 (7), 2007, 713–722.
Yamagata Y., Izumi A., Egashira F., Miyamoto K.I. and Kayashita J., Determination of a suitable shear rate for thickened liquids easy for the elderly to swallow, Food Science and Technology Research  1818 (3), 2012, 363–369.
Yamaguchi M., Nakajima R. and Kasai K., Mechanoreceptors, Nociceptors,nociceptors, and Orthodontic Tooth Movementorthodontic tooth movement, Seminars in Orthodontics  1818 (4), 2012, 249–256.
Yeomans M.R., McCrickerd K., Brunstrom J.M. and Chambers L., Effects of repeated consumption on sensory-enhanced satiety, British Journal of Nutrition  111111 (6), 2014, 1137–1144.
Zhang J., Bowers J., Liu L., Wei S., Gowda G.A. N., Hammoud D.Raftery Z., et al., Esophageal cancer metabolite biomarkers detected by LC‐MSLC–MS and NMR methods, PLoS ONEOne  77, 2012, 1.
Zhang Z., Xu G., Ma M., Yang J. and Liu X., Dietary fiber intake reduces risk for gastric cancer: A meta-analysis, Gastroenterology 145 (1), 2013, 113–120, (e113).
Zolotarev V.A., Dietary free amino acids and the gastric phase of digestion, Current Pharmaceutical Design  2020 (16), 2014, 2731–2737.
Graphical abstract
elsevier_BCDF_68
Queries and Answers
Query:
Please confirm that given name and surname have been identified correctly.
Answer: I can confirm this
Query:
The references given here and elsewhere are cited in the text but are missing from the reference list – please make the list complete or remove these references from the text: “Chen (2011)”, “Furness (2000)” and “Little et al. (2007)”.
Answer: "Chen (2011)" should be "Chen (2009).
"Furness (2000)" relates to the following article:
Furness J.B. Types of neurons in the enteric nervous system, Journal of the Autonomic Nervous System 81 (1-3), 2000, 87-96.
Highlights
• Dietary fibre’s presence can affect foods’ organoleptic quality, the process of swallowing and gastric secretion mixing and emptying.
• Dietary fibre can alter the rheological properties on gastrointestinal contents and access of chemosensors to other dietary factors.
• Consumption of higher amounts of fibre-rich plant foods is generally associated with reduced risk of upper gastrointestinal mucosal disease.
•  “Added fibres” and inherent dietary fibre may not have comparable effects.
elsevier_BCDF_68
"Little et al., (2007)" relates to the following article:
Little T.J., Russo A., Meyer J.H., Horowitz M., Smyth D.R., Bellon M., Wishart J.M., Jones K.L. & Feinle-Bisset C. {A figure is presented}Free Fatty Acids Have More Potent Effects on Gastric Emptying, Gut Hormones, and 
Appetite Than Triacylglycerides Gastroenterology 133 (4), 2007, 1124-1131.
Query:
The spelling of the author name(s) in the text has been changed to “Hellström, Grybäck, and Jacobsson (2006)” to match the reference list. Please check the spelling, and correct if necessary.
Answer: The spelling suggested by the Editors is correct and should be used both in-text and within the reference list.
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